The composition of visual pigment of ayu caught in the sea, a river and lake Biwa was investigated . Ayu has two kinds of visual pigment, rhodopsin and porphyropsin, with estimated Amax of 503 nm and 528 or 529 run, respectively.
It was found that rhodopsin dominated in the retina during their sea lives, while conversely porphyropsin was dominant in the retina during their freshwater lives. In the lan dlocked ayu, rhodopsin was dominant throghout the year. Figure 1 shows the position where they were caught. The seasonal changes in the composition of visual pig ment of landlocked ayu were investigated by using the in dividuals caught by the brush fishery of the Momose Fish eries Co-operative Association near Makino Town in Shi ga Prefecture from November 1994 to August 1995.
Most marine fishes have rhodopsin, while most freshwater fish have porphyropsin.
Some fish have both visual pigments coexisting in the retina.
The absorption spectrum of visual pigment that each fish has is closely related to the light condition in the fish's environment. For example, in the absorption spectrum of a fish living in the deep sea, the )max (wavelength of peak absorbance) is shifted to the short wavelengths compared with that of a coastal species.' Furthermore, in fishes hav ing both visual pigments, the composition of the visual pig ment varies with the difference in the penetration of light wavelength in the area it inhabits.) Niwa3-5) recorded the S-potential of some Japanese diadromous fishes, and relat ed the results to habitat. In the present experiment, we in vestigated the difference in the composition of the visual pigment of ayu which had been caught in the sea, in a river and in lake Biwa, and related its change of scotopic spec tral sensitivity to its habitat . Materials and Methods
Materials
Specimens of ayu Plecoglossus altivelis were obtained with a small set net off the coast of Shiroko fishing port in Suzuka, using a cover net in the Kushida River, and from the brush fishery near Hikone in Shiga. Average body The extracted visual pigment solution was irradiated with orange color light (> 560 nm) for 2 min. The light source was a xenon lamp (National 7.2 V/0.75 A XE). One mol NH2OH was added to the solution, and the ab sorption spectra was again recorded with a spectrophotom eter. The difference curve of absorption was measured at pH 6.4.
All operations
were carried out under a dim red light.
Results
Composition of Visual Pigment Figure  2 shows the examples of chromatograms of the Four individuals were investigated in one analysis and the results are shown in Table 1 . The average ratio of com position of retinal was 80.0% in the fish caught in the sea, and 21.6% in those from the river. In fish from lake Biwa the ratio was 87.1 %.
Absorption Spectrum of Visual Pigment Figure 3 shows the absorption spectra obtained from the visual pigment extracted from the adult river individuals. The wavelength of maximum absorption was 515 nm. When the composition of this extract was analyzed by the retinaloxime method, the ratio of retinal was found to be about 55% of total chromophore. Figure 4 shows the difference spectrum obtained from the visual pigment extracted from fish in lake Biwa in the summer. In this case the ratio of retinal was 100% of total chromophore.
Seasonal Change of Composition of Visual Pigment in In dividuals Caught in Lake Biwa
The seasonal change in composition of visual pigment was investigated by using individuals caught in lake Biwa. The result is shown in Fig. 5 . The average ratio of retinal varied from 78.9% (in July) to 99.7% (in February). Reti- side of short wavelength. When they migrate to freshwater, porphyropsin becomes dominant and their spectral sensitivity seems to change from 503 nm to 528 or 529 nm. It is thought that the spectral sensitivity of ayu also changes every season. However, the individuals in habiting lake Biwa (landlocked) always have rhodopsin dominant throughout the year, so their spectral sensitivity inclines toward short wavelength (503 nm) all the year round. Figure 6 is a model of the changing spectral sensitiv ity in ayu.
Variations of rhodopsin content in the retina of several species are illustrated in Fig. 7 the year, and their composition further moves to rhodopsin in the spawning season. The kokanee, which is a landlocked sockeye salmon, shows the same tendency. The bitterling Rhodeus ocellatus, which is a freshwater fish, also has a wide variation in visual pigment composi tion, and its distribution tends towards porphyropsin dominant.
The medaka Oryzias latipes was caught in the same river as bitterling was caught, but its variation in visual pigment composition also tends towards rhodopsin dominant.
The spawning season of landlocked ayu is Au gust, but the inclination towards rhodopsin dominance was not observed in that month. It is necessary to inves- Niwa5) examined the relation between the salinityof the environment that a fish inhabited and its L-response of the S-potential by using tilapia Tilapia mossambica and Toba ugui (sea-run form) Tribolodon hakonensis caught in seawater during the migration towards freshwater. These two species can tolerate salinity changes ranging from freshwater to seawater or vice versa. However the change of L-response in both species was not observed. According to his explanation, the difference of salinity of the environ ment seems not to trigger the change of visual pigment composition of ayu in this experiment. Moreover Niwa3-5) recorded S-potential from the retina of many species, Nagano-ugui collected from a fresh water pond in Nagano Prefecture in central Japan, Biwa-ugui caught in lake Biwa, amphidromous ayu, and Japanese eel Anguilla japonica. In spite of the fact that they were caught in freshwater,the L2-response of the S-potential, which is a characteristic of marine fish, was detected from their reti na except for Nagano-ugui. The result for Biwa-ugui is well matched with the result for visual pigmennnt coposi tion of landlocked ayu in our experiment. However, the result for amphidromous ayu of detected L2-response dis agreed with our result that the retinal content became about 20% when they migrate to freshwater. It is doubtful whether spectral sensitivity corresponds to the change of visual pigment composition immediately as described by Niwa.4) In his report,) S-potential of Biwa-ugui was com pared with that of Nagano-ugui. As a result, L2-response, which is a characteristic of marine fish, was detected from the former, and L3-response, which is a characteristic of freshwater fish, was detected from the latter. The L -responses of the S-potential of both the Nagano-ugui and the Biwa-ugui were completely different. Niwa3) suggested that both fishes were ecologically adapted to water turbidi ty because under such conditions more light of long wavelengths is present in shallow muddy areas. In spite of the fact that medaka and bitterling were caught in the same river, their variations of visual pigment composition were different, as shown in Table 1 . In this report, the rhodop sin ratio of landlocked ayu was high, but even if amphidro mous ayu inhabited a clear river, the ratio of porphyropsin was also high, so the adaptation phenomenon does not seem to be always related to water turbidity. 
